INTRODUCTION
============

Hepatitis C virus (HCV) infection is the leading cause of chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC), which in turn are the most common indications for liver transplantation in developed countries.[@R2] An understanding of the natural history of HCV infection is essential to effectively manage, treat, and counsel patients with acute and chronic forms, yet this knowledge is fraught with controversy. It has been calculated that 60%--80% of HCV-infected patients will progress to chronic infection.[@R25] The rate of progression to chronicity is influenced by several factors, namely, age, sex, race, insulin resistance, liver steatosis, and immune response.[@R21]

In addition, patients with chronic HCV infection are at risk of developing a number of extrahepatic disorders.[@R1],[@R9] Among these, the most frequent is mixed cryoglobulinemia (MC), an immune complex-mediated systemic vasculitis involving mostly small blood vessels. HCV plays a primary role in the formation of immune complexes and in the production of tissue damage.[@R41] Although small amounts of cryoglobulins can be detected in approximately 40% of these patients, only 12%--15% will develop a full-blown cryoglobulinemic syndrome (CS), which includes cutaneous vasculitis (skin rush, palpable purpura, and chronic ulcers), fatigue, arthralgia, membranoproliferative glomerulonephritis, and peripheral neuropathy.[@R29],[@R33] Furthermore, MC is capable of a) evolving into more aggressive hematologic disorders, such as malignant lymphoproliferative diseases;[@R11] and b) causing and/or complicating chronic kidney disease.[@R34]

Based on a meta-analysis of 19 studies comprising a total of 2323 patients with chronic hepatitis C, 1022 (44%) of whom had detectable cryoglobulins, and by combining odds ratios adjusted for age, sex, and estimated disease duration, a highly significant association was determined between cirrhosis and cryoglobulinemia. This conclusion provided evidence that in chronic hepatitis C, cryoglobulins are an important prognostic indicator for an increased risk of cirrhosis.[@R23] However, the statistical association between cryoglobulins and advanced liver fibrosis is still controversial. In a subsequent study[@R24] the same authors of the meta-analysis reported that cryoglobulins did not emerge as an independent factor for advanced liver fibrosis, attributing this difference mainly to the design of the studies which included many important clinical and laboratory variables. Furthermore, it was shown that fibrosis accumulation in the liver is not a linear process, in that impact of age on the progression of hepatic disease is remarkable.[@R39] The risk of fibrosis progression in the fifth decade was estimated to be 3 times higher than in the second decade, supporting the concept that the aging liver is more susceptible to fibrosis.[@R5] Compared to HCV-infected patients with cryoglobulins, those without have a median lower age and a shorter history of hepatitis.[@R27],[@R43] In a 10-year prospective cohort study, it was shown that MC did not influence the clinical course of HCV-related disease; rather, the rate of progression to cirrhosis was similar in patients with or without cryoglobulins.[@R53] Due to the limited number of patients with overt CS evaluated in this and other studies,[@R16],[@R22],[@R46] to our knowledge the long-term impact of active cryoglobulinemic vasculitis on the natural history of HCV infection has not been assessed. A retrospective analysis of MC patients emphasized that involvement of multiple organs obviously influences the severity of CS, thereby significantly reducing overall life expectancy.[@R18] However, most studies exploring the natural history of HCV-infected MC patients have been biased,[@R8],[@R13],[@R31] in that the variable outcome of MC patients can be at least partly explained by the spectrum of clinical course, ranging from spontaneous exacerbations and remissions to the occurrence of multiple signs and symptoms that may appear either together or separately. Thus, given their clinical heterogeneity, patients consult different subspecialists. An additional point is the geographic variability of MC, as its prevalence has been reported to vary in different areas.[@R12]

In this context, a critical point that remains to be clarified is whether and to what extent CS affects the course of HCV infection. A relatively benign course of CS was indeed suggested,[@R30] although it could not be excluded that increases in morbidity and mortality may become apparent with longer follow-up. In addition, because the response rates of currently available therapies are largely variable, a precise assessment of their effectiveness in reducing morbidity and mortality is needed. To characterize the impact of CS on the course of chronically HCV-infected patients and to define the risk-factor profile capable of predicting clinical outcome, prospective long-term cohort studies are required.

This work presents the clinical features and progression rates of CS based on a 15-year prospective study carried out in patients with chronic hepatitis C.

PATIENTS AND METHODS
====================

Study Design
------------

We conducted the current cohort study to provide data from a large population of chronic HCV-infected individuals on the occurrence of cold-precipitating proteins in order to clarify the natural history of cryoglobulin-related HCV-positive patients and their long-term outcome. We applied the following inclusion criteria: 1) positivity for anti-HCV antibodies and polymerase chain reaction (PCR)-based assay to detect HCV RNA in serum of patients with/without palpable purpura; 2) detection of serum cryoglobulins; 3) liver biopsy showing chronic hepatitis performed within 3 months from enrollment; 4) negativity for hepatitis B surface antigen and human immunodeficiency virus (HIV); and 5) no previous administration of interferons (IFNs) or immunosuppressive drugs. Starting with enrollment, each patient's data were computerized in real-time. Patients were identified by a unique central identification code, which was used only for study purposes. After providing informed consent, each patient was assigned a study code followed by a city code and a patient number. For the duration of the study and afterwards, only the patient's physician was able to identify the patient based on his or her identification number. We prospectively analyzed the records of all patients followed at the Liver Unit of our Department from 1990 to 2010 (Table [1](#T1){ref-type="table"}).
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Baseline Clinical, Laboratory, Virologic and Histologic Parameters of Chronically HCV-Infected Patients With and Without Cryoglobulins
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We considered the clinical and laboratory findings and the underlying diseases of 950 HCV-infected patients. Chronic liver damage ascribable to drugs, alcohol, iron, copper, autoimmune damage, and α-1-antitrypsin deficiency was excluded based on the patient's history, appropriate serologic studies, and findings on liver biopsy. Patients with a history of organ transplantation were also excluded.

Two expert pathologists blinded to both the patients' clinical records and their graded liver histologic specimens participated in the study. Liver biopsies were scored for grade and stage according to METAVIR score.[@R4],[@R19] The stage of fibrosis was assessed as a 5-point scale, with 0 defined as no fibrosis and 4 as frank cirrhosis. Necro-inflammatory activity was graded according to a 4-point scale, in which 0 indicated no inflammation and 3 indicated a heavy inflammatory cell infiltration and severe hepatocyte necrosis. Steatosis was estimated and scored according to a 4-point scale[@R7]: 0 = steatosis; 1 = 1%--33% of involved hepatocytes; 2 = 34%--66% of involved hepatocytes; and 3 = \>66% of involved hepatocytes. In terms of interobserver reliability, the percentage of agreement for disease activity and staging in addition to the pairwise comparison, weighted kappa score were measured. The percentage agreement for histologic variable and the categorical deviance among the observers were performed for each sample in a slide by slide analysis.[@R49]

To calculate lifetime drinking habits and total lifetime alcohol consumption, an accurate history of alcohol use was deduced from a detailed questionnaire. Only patients with a daily alcohol consumption below 40 g were enrolled. The rate of fibrosis progression was estimated in paired liver biopsy samples from patients who had received no specific antiviral treatment and had no evidence of cirrhosis. Fibrosis progression/year was calculated as the ratio between the fibrosis stage (in METAVIR units) and the estimated time elapsed between the 2 bioptic evaluations (in years).[@R35]

Study Objectives
----------------

Because the present study was designed to assess the impact of CS on the outcome of patients with chronic hepatitis C, the primary endpoint was overall survival, defined as the time from enrollment until death. Death was defined as liver-related if it was closely linked to end-stage liver disease and/or to the progression of HCC. A progression of chronic hepatitis to cirrhosis, clinical decompensation, and HCC development were all carefully monitored. An additional endpoint was cryoglobulin-related extrahepatic complications, including chronic kidney damage, neurologic impairment, autoimmune disorders, and the development of lymphoma.

Baseline and Follow-Up Evaluations
----------------------------------

Baseline evaluation included demographic data, medical history, physical examination, evaluation of comorbidities, and use of concomitant medications. In addition to routine laboratory parameters, HCV RNA, HCV genotypes, immunochemical typing, and cryoglobulin levels were measured and ultrasonography with or without contrast-enhancement was obtained. Neurologic assessment included electromyography, motor and sensory nerve conduction velocity, and short-latency somatosensory-evoked potentials.

Lymphocytes were phenotyped by single/double immunofluorescence on a FACScan instrument (Becton Dickinson, Franklin Lakes, NJ) using fluorochrome-conjugated antibodies against CD19, CD20, and CD5, and CD3, CD4, and CD8 (Becton Dickinson).

During follow-up, each patient was assessed approximately every 3 months for 15 years at least. Follow-up included physical examination, cryocrit assay, laboratory measurements, performance status, and ultrasonography study. Each patient provided written consent. The study was in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines, and was approved by the ethical review board of the University of Bari.

### Laboratory Parameters

All patients were tested for HCV antibodies with second-/third-generation enzyme-linked immunosorbent assay (ELISA) (Abbott Laboratories, Chicago, IL). Serum HCV RNA was determined by RT-PCR (Roche Diagnostic System, Branchburg, NJ). HCV RNA levels were measured with a branched-chain DNA assay (bDNA 3.0, Bayer Health Care, Tarrytown, NY). HCV genotyping was performed by INNO-LiPA (Innogenetics NV, Ghent, Belgium).

Routine tests included rheumatoid factor (RF), serum IgG, IgA, and IgM levels, and complement fractions C3 and C4, which were measured by immuno-turbidimetric assay. Cryoglobulins were measured as described elsewhere.[@R12] The immunochemical composition of the cryoprecipitates was determined by immunofixation. Cryoglobulins were classified according to Brouet et al[@R6]: type I cryoglobulins consisted of a single monoclonal component, whereas mixed cryoglobulins comprised 2 immunoglobulin isotypes, with (type II) or without (type III) a monoclonal component.

Statistical Analysis
--------------------

The McNemar chi-square or the Wilcoxon signed-rank test was used to compare qualitative and quantitative variables. The Cochran-Mantel-Haenszel test or the Fisher exact test was used to compare categorical variables. The influence of clinical characteristics on the response was determined by logistic regression analyses. All statistical tests were 2-tailed, with p \< 0.05 as the significance cutoff. The probability of patient survival was calculated by life-table analysis. The difference between the cumulative curves was tested by the log-rank test.

RESULTS
=======

Among the 950 patients enrolled in this study, 246 (25.8%) were shown to have circulating cryoglobulins. In these 246 patients, an overt CS was recorded in 115 (46.7%) at study referral, whereas in 69 patients (28%) symptoms appeared at variable times after enrollment, with a median period of 14 months (range, 6--18 mo). In the remaining 62 patients (25.2%), there was no occurrence of CS throughout the follow-up; these patients were not considered further in this study.

The study began in 1990 and had a median duration of 182 months, with no difference in duration between CS(+) and MC(−) patients (178 vs. 166 mo, respectively). Forty-three CS(+) and 103 MC(−) patients were lost to the study for reasons including denial of informed consent to proceed with the study, logistical problems, and lack of compliance.

As shown in Table [1](#T1){ref-type="table"}, comparable median levels of circulating HCV RNA were detected in the 141 CS(+) patients and 601 MC(−) patients. Genotype 1 occurred in 76 (54%) of the CS(+) and in 306 (51%) of the MC(−) patients. The 2 groups did not differ in the mean age at study referral (59 ± 7.6 yr vs. 57.6 ± 12.2 yr for CS(+) and MC(−) patients, respectively); however, CS occurred more frequently in female patients (p = 0.003).

The transmission of HCV is primarily by exposure to infected blood. In the present series, the transfusion of blood or blood products was determined to be the cause in 30 (21.3%) CS(+) and 150 (24.9%) MC(−) patients. Needle-stick puncture was confirmed in 20 (14.2%) CS(+) and 91 (15.2%) MC(−) patients. However, in almost 60% of the patients, no recognized source of infection could be identified. In this group, intravenous drug use, high-risk sexual activity, occupational exposure, hemodialysis, and birth to an infected mother were excluded.

The mean cryocrit was 7.2% ± 10.5%, ranging from 1% to 80%. Cryoglobulinemic patients were tested for the presence or absence of a monoclonal component by the immunofixation assay. Both serum and purified cryoprecipitates were simultaneously tested. Among 141 patients, a monoclonal component was found in 124 cryoprecipitates and in 116 corresponding serum samples, showing that use of cold precipitates is most suitable for cryoglobulin phenotyping in clinical practice. Thus, immunochemically there was a remarkable prevalence of type II MC, which occurred in 88.6%, as compared with type III MC, which was typed in the remaining 11.4% of patients.

The cryoglobulins never cleared spontaneously and persisted throughout the follow-up period, with fluctuating cryocrit values in all untreated patients. We noted that in 2 patients (1.6%), there was a switch from type II to type III MC over a median time of 5.5 ± 0.7 years and at an annual rate of 0.08%. This immunochemical change was accompanied by a reduction of IgM-RF titers and a normalization of serum C4 levels, whereas the serum viral load remained largely unchanged and clinical symptoms of vasculitis spontaneously subsided.

A symptoms review was carried out during clinical assessment on the first and subsequent follow-up visits. Palpable purpura was the most specific symptom, with 90% of the patients experiencing recurring episodes. Conversely, purpuric vasculitis could not be documented in any of the MC(−) patients (p \< 0.0001). Weakness and arthralgia were the other main symptoms reported at diagnosis and during follow-up. As expected, both at initial diagnosis and subsequently, CS(+) patients had significantly more complaints than MC(−) patients (86.5% vs. 47%, p \< 0.0001 and 63.1% vs. 16%, p \< 0.0001, respectively). At the time of study admission, only 6 (4.2%) of the CS(+) patients had chronic leg ulcers, whereas during follow-up 41 patients (29%) developed nonhealing cutaneous ulcers requiring treatment in numerous hospital admissions. In sharp contrast, only 4 MC(−) patients (0.6%) developed leg ulcers (p \< 0.0001). In terms of liver involvement at referral, the occurrence of cirrhosis was 8% in CS(+) and 6.5% in MC(−) groups.

Laboratory parameters were regularly monitored. Serum IgM levels were significantly higher in CS(+) (p = 0.0002) patients, whereas serum IgG concentrations were higher in MC(−) patients (p \< 0.0001). In addition, the former group had higher levels of RF activity (p = 0.02) and lower concentrations of the complement C4 fraction (p \< 0.0001). Because interactions between lymphocytes and HCV may result in a direct modulation of B and T cells, with consequent phenotypic changes of circulating cell populations, we analyzed peripheral blood lymphocytes by flow cytometry. Comparable total lymphocyte counts were determined in CS(+) and MC(−) patients (1390 ± 305 cells/μL vs. 1460 ± 291 cells/μL, respectively). The numbers of CD19+/CD20+ B cells and CD4+ T cells were significantly higher in CS(+) patients (p \< 0.0001 and p \< 0.001, respectively).

Fibrosis Progression
--------------------

Fibrosis progression was defined as the ratio between fibrosis stage (in METAVIR units) and estimated duration of infection (in years), calculated as the time elapsed between 2 subsequent liver biopsies. Twenty-five of the 30 CS(+) patients and 60 of the 85 MC(−) patients who refused IFN-α ± ribavirin (RBV) antiviral therapy agreed to undergo a second liver biopsy. The mean time between the 2 biopsies was 6.7 ± 0.6 years in CS(+) patients and 7.1 ± 0.9 years in MC(−) patients. Fibrosis progression, evaluated as a 1-stage increase in the METAVIR grade, was assessed independently by 2 expert pathologists. Results of the agreement percentage was 92% with a weighted kappa of 0.67 ± 0.12 value. Liver disease progression was documented in 16 (53%) of the CS(+) and in 51 (85%) of the MC(−) patients, corresponding to an estimated annual progression rate of 0.13 units and 0.20 units, respectively (p \< 0.05).

The 15-year cumulative probability of developing cirrhosis is diagrammed in Figure [1](#F1){ref-type="fig"}. Progression from chronic hepatitis to cirrhosis was detected by histology in 7 CS(+) patients and in 56 MC(−) patients. In the remaining patients, cirrhosis was diagnosed on clinical grounds and by imaging techniques, including ultrasonography with or without contrast enhancement, computed axial tomography, and elastography. Progression to cirrhosis was shown in 20 CS(+) and 150 MC(−) patients, with the cumulative probability rate reaching 15.4% in the former group and 26.7% in the latter group (odds ratio, 0.65; 95% confidence interval, 0.29-0.82; p \< 0.005). This finding supports the notion that in CS(+) patients progression of liver fibrosis was slower than that occurring in MC(−) patients. As shown in Table [2](#T2){ref-type="table"}, the only independent predictor was METAVIR stage 3 at baseline (p = 0.006).
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![Cumulative probability of histologic/clinical progression to cirrhosis in 130 CS(+) and 562 MC(−) chronically HCV-infected patients.](md-92-245-g003){#F1}

Outcome
-------

Clinical outcome is reported in Table [3](#T3){ref-type="table"}. Kidney involvement was the most frequent clinical outcome in the present series of CS(+) patients. Notably, at the time of admission none of the CS(+) patients and only 2 (0.3%) of the MC(−) patients had abnormal renal function. However, within a period ranging from 5 to 12 years, 46 CS(+) patients (32.6%) and 18 MC(−) patients (3%) developed acute and/or chronic renal insufficiency (p \< 0.0001). Renal biopsies were performed in the 32 CS(+) and in the 4 MC(−) patients with overt functional abnormalities; histology identified membranoproliferative glomerulonephritis as the prevalent pattern. Other forms of glomerulopathies included membranous nephropathy, focal/segmental glomerulosclerosis, and IgA nephropathy. The clinical course was characterized by remission as well as by relapsing phases. No specific symptoms or clinical manifestations occurred. Renal signs included proteinuria and microscopic hematuria with mild to moderate renal insufficiency. In some cases, glomerular disease was ultimately diagnosed as acute oliguria associated with arterial hypertension.
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Clinical Outcome According to the Presence or Absence of Cryoglobulins
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Monoclonal gammopathy of undetermined significance (MGUS) of IgM isotype occurred with a significantly higher frequency in CS(+) patients. Its mean time to appearance was 4.5 ± 3.7 years in 17 CS(+) patients (12%) and 10 ± 8.5 years in 5 MC(−) patients (0.8%) (p \< 0.0001). Conversely, there was no difference in the distribution of MGUS of IgG and IgA isotypes between the 2 groups of patients.

Neurologic disorders were significantly more frequent in CS(+) patients (p \< 0.0001). Among the 44 (31.2%) with peripheral neuropathy, 36 underwent electromyography, which evidenced symmetrical, distal sensory polyneuropathy, and mononeuritis multiplex in most of them. Characteristically, there was a slowly progressive involvement of the legs. By contrast, neuropathy in the 29 MC(−) patients (4.8%) tended to remain stable.

Unexpectedly, arterial hypertension occurred mostly in the MC(−) patients. In the course of the study, 93 MC(−) patients (15.5%) and 10 CS(+) patients (7%) developed arterial hypertension (p \< 0.001).

There was no difference in the distribution of thyroid disorders, including nodular disease and autoimmune thyroiditis, between the 2 groups at referral. Thyropathies became evident during follow-up in 38 CS(+) (27%) and 91 MC(−) (15.1%) patients (p = 0.002). Similarly, the distribution of autoimmune diseases was essentially the same in the 2 groups. At the end of the study, 5 (3.5%) CS(+) and 12 MC(−) (2%) patients developed autoimmune disorders, including Sjögren syndrome, autoimmune thrombocytopenia, and Raynaud syndrome.

Type 2 diabetes mellitus, solid tumors (breast, lung, stomach, prostate, colon, bladder), chronic ischemic heart disease, chronic lymphocytic leukemia, Hodgkin lymphoma, and primary amyloidosis were diagnosed with similar frequencies in the 2 groups. Gastrointestinal involvement was also equally distributed. Several episodes of diffuse abdominal pain were reported, but gastrointestinal bleeding was not.

B-Cell Non-Hodgkin Lymphoma
---------------------------

B-cell non-Hodgkin lymphoma (B-NHL), a potential late complication of cryoglobulinemia, occurred in both groups of patients. The cumulative probability of developing B-NHL is provided in Figure [2](#F2){ref-type="fig"}. Its prevalence in CS(+) and MC(−) patients was 5.3% vs. 1.2% (p = 0.006); 8.9% vs. 3.6% (p = 0.01); 13% vs. 6.2% (p = 0.02); and 15% vs. 7.1% (p = 0.003) at 3, 5, 10, and 15 years from the initial diagnosis, respectively.

![Cumulative probability of type B non-Hodgkin lymphoma in 141 CS(+) and 601 MC(−) chronically HCV-infected patients.](md-92-245-g005){#F2}

As shown in Table [4](#T4){ref-type="table"}, among the patient characteristics, female sex, mean age, mean concentration of HCV RNA, and HCV genotype were similar between the 2 groups. A nodal localization of B-NHL was seen in 10 (45.4%) and 25 (58.1%) of CS(+) and MC(−) patients, respectively. Among the extranodal localizations, the spleen was the most frequent site in both groups. Concerning histotype, diffuse large B cells had a higher prevalence in both CS(+) and MC(−) patients. Concomitant cirrhosis occurred in 22.7% of CS(+) and in 30.2% of MC(−), a difference that was not significant. Mean survival was also comparable between the 2 groups: 4.4 ± 2.2 years and 5.6 ± 3.1 years in CS(+) and MC(−) patients, respectively.
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Hepatocellular Carcinoma
------------------------

The 15-year cumulative probability of developing HCC in the presence or absence of CS is reported in Figure [3](#F3){ref-type="fig"}. The rate of occurrence of HCC in CS(+) and MC(−) patients was 0% vs. 6% (p = 0.007), 1.8% vs. 8.2% (p = 0.006), 7.5% vs. 18.5% (p = 0.0003), and 10.6% vs. 20.3% (p = 0.001) at 3, 5, 10, and 15 years from the initial diagnosis, respectively.

![Cumulative probability of hepatocellular carcinoma in 141 CS(+) and 601 MC(−) chronically HCV-infected patients.](md-92-245-g007){#F3}

The main features of HCC patients are summarized in Table [5](#T5){ref-type="table"}. Females prevailed in the CS(+) patients, whereas the mean age was comparable in the 2 groups. No differences were found regarding mean levels of circulating HCV RNA, clinical stage of the tumor, and frequency of HCC nodules. A comparable mean survival was also confirmed.
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HCC Development in Chronically HCV-Infected Patients With or Without Cryoglobulins
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Mortality Rate and Causes of Death
----------------------------------

During the 15-year follow-up, 212 patients died (28.6%). The mortality rate was similar between the 2 groups: 29.7% (42/141) in CS(+) and 28.3% (170/601) in MC(−) patients.

As shown in Figure [4](#F4){ref-type="fig"}, liver-related death was ascertained in 104 patients (50.5%). Liver decompensation, including ascites, encephalopathy, bleeding of esophageal varices, and HCC complications, was the final cause of liver-related mortality in 14 of 42 CS(+) (33%) and in 90 of 170 MC(−) (52.9%) patients (p = 0.02). Notably, HCC and B-NHL were concomitantly present in 2 CS(+) and 2 MC(−) patients. Among the extrahepatic-related deaths, renal failure and septic shock following systemic infection significantly prevailed in CS(+) patients compared with MC(−) patients: 33% vs. 4.3% and 14.3% vs. 4.3%; p = 0.0001 and p = 0.03, respectively. The 2 groups did not differ with respect to cardiac- or respiratory-related deaths.

![Cumulative incidence of liver-related and non-liver-related events in 141 CS(+) and 601 MC(−) chronically HCV-infected patients.](md-92-245-g009){#F4}

Overall Survival
----------------

The 15-year cumulative survival was similar in CS(+) and MC(−) patients (70.2% vs. 71.7%, respectively) (Fig. [5](#F5){ref-type="fig"}A). However, the length of survival significantly differed between patients with and without antiviral therapy. Figure [5](#F5){ref-type="fig"}B illustrates the change in the proportion of treated patients with CS and those without MC. Antiviral therapy included IFN-α monotherapy (n = 56), pegylated-IFN-α (pIFN-α) monotherapy (n = 90), IFN-α plus RBV (n = 85), and pIFN-α plus RBV (n = 108). Treatment provided sustained virologic response in 44% and 53% of CS(+) and MC(−) patients respectively.

![A. Overall patient survival in 141 CS(+) and 601 MC(−) chronically HCV-infected patients. B. Overall patient survival according to antiviral therapy.](md-92-245-g010){#F5}

DISCUSSION
==========

The main advantage of the current study is that we were able to enroll and follow-up a large number of untreated chronically HCV-infected patients, all of whom had undergone liver biopsy. To reduce the risk of selection bias, patients with different sources of infection were included. Conversely, the main limitation is that the estimated duration of HCV infection mostly relies on the history; however, patients frequently consider the day of ascertainment of abnormal liver enzymes as the starting point, whereas the true duration is difficult to establish due to the lack of an acute phase of HCV infection, or to the fact that it was silent and therefore overlooked, coupled with the absence of symptoms during the early phase of chronic infection.[@R26] In sharp contrast, cryoglobulinemic vasculitis, which complicates HCV infection, develops from the very beginning with exuberant clinical symptoms that are thought to result from the deposition of immune complexes in various organs.[@R41] In these patients, CS is a function of the host inflammatory response to the cryoprecipitating immune complexes.[@R45]

A few studies have attempted to measure the time interval from HCV infection to the detection of MC and from MC onset to the occurrence of CS.[@R8],[@R52],[@R55] Because only a proportion of cryoglobulinemic patients develop CS, the diagnosis of MC is frequently delayed and underestimated. In the present study, CS was clinically overt in almost half the patients at recruitment, developed later in about 30% of them, and remained totally absent throughout the period of observation in the remainder. Therefore, given the close time range between MC and CS, screening for cryoglobulins is appropriate in all chronically HCV-infected patients. It is also advisable to search for cryoglobulins when patients are found to be anti-HCV positive rather than when they become symptomatic.[@R17]

Type II MC occurred in more than 80% of our CS(+) patients. This high rate emphasizes the relatively poor sensitivity of immunofixation in detecting a monoclonal component in serum. It also importantly suggests that cryoprecipitates should be redissolved before being tested by immunofixation, to more efficiently reveal monoclonality.[@R47] In only 2 instances did we observe a switch from type II to type III MC in the absence of any specific treatment. This immunochemical shift occurred in step with the loss of clinical manifestations of vasculitis, the normalization of circulating C4 levels, and the significant lowering of RF activity. These observations suggest that cryoglobulinemic damage is strictly related to cryoglobulin structure, in particular to the presence of monoclonal IgM-RF molecules, which are capable of activating the complement cascade.[@R44] Indeed, according to our data, 51 of the 62 (82.2%) patients with MC, who remained CS(−) throughout the observation period, had type III MC.

Because the production of high RF levels in MC is strictly associated with oligoclonal/monoclonal expansions of B cells,[@R36],[@R42] it has been inferred that the initial immune response to HCV results in the synthesis of IgM molecules devoid of monoclonal RF activity, a property that is subsequently acquired through somatic mutations accompanying cell proliferation due to the persistence of HCV. One would therefore expect that the production of IgM-RF leads to the formation of type III MC, which eventually switches into type II MC when the RF becomes monoclonal.[@R14] However, there is no experimental or clinical support to this mechanism, despite many years of close observation. Thus, based on our findings, it can be hypothesized that type II MC originates as such and seldom changes to type III MC because of spontaneous exhaustion of the involved B-cell clonotype. In addition, since according to this study a type II to type III conversion occurred in the presence of a roughly unchanged viral load, it seems reasonable to assume that the production of monoclonal RF is not directly dependent on HCV, but instead can arise in a subgroup of patients who possibly lack the physiologic mechanism(s) needed to inhibit the production of high-affinity IgM-RF molecules with high pathogenetic potential.[@R51],[@R54]

We analyzed liver fibrosis to identify independent risk factors for both patient groups. The major finding that emerged from this study was somewhat surprising, in that the grade of fibrosis was significantly lower in CS(+) than in MC(−) patients, despite the similar prevalence of factors commonly associated with an increased risk of liver fibrosis, including age, duration of HCV infection, and steatosis.[@R35] Overall, while there were no differences between CS(+) and MC(−) patients with respect to HCV genotypes, viral load, or transaminases, prothrombin, or albumin levels, a higher fibrosis score and, in parallel, an increased incidence of cirrhosis was determined in the MC(−) patients.

These data suggest that cryoglobulins only slightly impact liver fibrosis, and rule out their clinical significance as a prognostic indicator for an increased risk of cirrhosis, in contrast to previous reports.[@R27],[@R48] The reasons for these discrepancies are unclear. However, previous studies were biased by the selection of patients with specific signs and symptoms[@R17] and had a cross-sectional design[@R37] or were of relatively short mean duration, (20 ± 12 months).[@R16] In another report, the apparent lack of association between cryoglobulins and fibrosis was attributed to sample size and/or to the inclusion of patients with alcohol abuse.[@R24]

The risk profile for HCC development differed between the 2 groups of patients. Virtually all HCV-related HCC develops in patients with established cirrhosis. Accordingly, we found that HCC significantly prevailed in MC(−) patients. The 15-year cumulative probability of developing HCC was estimated to be 20.3% and 10.6% in MC(−) and CS(+) patients (p = 0.003), respectively.

A prerequisite for MC development is HCV-driven B-cell deregulation, which accounts for another important difference between the 2 groups that is likely to have contributed to the worse outcome of CS(+) patients in the current study. The risk of developing B-NHL was significantly higher in the presence of cryoglobulins: in fact, it occurred in 15.6% of the CS(+) and in 7.1% of MC(−) patients (p = 0.003). We did not find any difference in the specific histotype or in the predominant site between the 2 groups, as already reported.[@R10],[@R15],[@R28] Low- and high-grade B-NHLs as well as nodal and extranodal localizations had similar frequencies in the patient groups. This likely reflected the design of the present long-term cohort prospective study, which allowed assessment of the associations of multiple outcomes.

To our knowledge, no studies have considered the time-period required to develop kidney involvement. In the present series, kidney function was affected in 32.6% of CS(+) but in only 3% of MC(−) patients (p \< 0.001). It should be emphasized that renal failure develops slowly, over a period of years, during which the only signs are usually slight proteinuria and/or microhematuria. Arterial hypertension, indicative of impaired renal function, may appear during the course of CS. A periodic surveillance of renal function is therefore warranted to exclude cryoglobulin-related renal complications.

Involvement of the nervous system is an obviously important determinant of the outcome of patients with cryoglobulinemia. Its incidence varies and may reach almost 90% of cases.[@R3],[@R20],[@R50] Nervous system involvement was, in fact, significantly prevalent in the CS(+) patients (31.2%) vs. only 4.8% of the MC(−) cases (p \< 0.001). Sensory-motor neuropathy, especially paresthesias of the lower limbs, were often reported as painful and were associated with a loss of strength. Conversely, the central nervous system is known to be rarely affected.

HCV-infected populations face a reduction in their overall life expectancy of approximately 8--12 years.[@R38] The increased mortality can be explained by the complications of cirrhosis 20--25 years after HCV infection.[@R32] The present 15-year prospective cohort study clearly shows that the appearance of CS in HCV-related MC does not affect overall patient survival. There were, however, differences regarding mortality, in that liver-related deaths were prevalent in HCV-infected MC(−) patients whereas extrahepatic causes predominated in CS(+) patients. However, antiviral therapy and viral clearance positively influenced morbidity and mortality. Antiviral therapy is indeed a crucial factor that has been shown to affect outcome. In the current study, about half of the patients were treated with antiviral therapy. In treated patients who achieved a sustained virologic response, their long-term benefits and better outcome were unquestionable.

In conclusion, this long-term study provides strong evidence that the occurrence of CS profoundly affects the natural history of HCV chronic infection. However, in spite of different morbidity features and causes of death, CS has no influence on the overall survival of these patients.
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:   B-cell non-Hodgkin lymphoma
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:   cryoglobulinemic syndrome
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